Introduction
Approximately 14% of infants in low-income countries weigh less than 2.5 kg at birth -many are born preterm. 1 Most research on mortality and illness among low-birthweight infants has focused on the neonatal period 2 and few studies from sub-Saharan Africa have generated population-based estimates of post-neonatal outcomes. [3] [4] [5] [6] Such estimates are particularly scarce for the -mostly preterm -infants born weighing less than 1.50 kg. 7, 8 Data from sub-Saharan Africa on the degree to which low birth weight increases the risk of mortality and illness in the post-neonatal period are lacking but are needed to target interventions. Caregivers who think an infant is likely to die may be less likely to seek care for the infant, especially if the infant is fragile and small and the affected household is poor and far from a health facility. 9 We used data from a neonatal vitamin A supplementation (Neovita) trial to investigate birth weight as a risk factor for illness and mortality in infancy. Our primary objective was to determine the extent to which low-birth-weight infants were at increased risk of mortality and illness in the first year of life. Our secondary objectives were: (i) to assess, among sick infants, the association between birth weight and care seeking and health-facility admissions; (ii) to examine how the effects of birth weight on infant illness and mortality varied between the neonatal period, early infancy and late infancy: and (iii) to investigate whether any effect of birth weight on mortality varied by distance to the nearest health facility and/or socioeconomic status.
Methods
The Neovita trial was conducted at the Kintampo Health Research Centre in rural Ghana. 10, 11 The study area is served by four district hospitals and 69 health facilities. All pregnancies and deliveries among women aged 15-49 years between August 2010 and November 2011 were identified through a population-based prospective surveillance system. Infants who were staying in the study area for at least six months after enrolment, who were aged less than four days and who were able to suck or feed at screening were enrolled.
Using calibrated electronic or spring scales, fieldworkers recorded birth weights to the nearest 0.1 and 0.2 kg, respectively. Over 70% of enrolled infants were weighed within 24 hours of delivery and only five (0.2%) were weighed more than 72 hours after delivery.
During both pregnancy surveillance and at enrolment, fieldworkers asked each pregnant woman the date of her last menstrual period. Various household, infant and maternal characteristics were recorded at enrolment. 10, 11 Infants were visited monthly for the first year of life. At each visit, the infant's mother was asked if the infant had been ill since the previous visit and, if so, when the illness had started and ended, whether care for the illness had been sought and, if so, whether the infant had been admitted, for at least one night, to a health facility. Data were also collected on the infant's vital status and, when applicable, date of death.
The primary outcomes were illness and mortality in the first year of life. For each reported episode of illness, we investigated absence of care seeking and admission to a health facility.
Objective To investigate the effect of birth weight on infant mortality, illness and care seeking in rural Ghana. Methods Using randomized controlled trial data, we compared infants weighing 2.00-2.49, 1.50-1.99 and < 1.50 kg with non-low-birthweight infants. We generated adjusted mortality hazard ratios (aHR), adjusted illness rate ratios (aRR) and adjusted odds ratios (aOR) for health-facility admissions and absence of care seeking for four time periods: infancy, the neonatal period, early infancy and late infancy -represented by ages of 0-364, 0-27, 28-182 and 183-364 days, respectively. Findings Among 22 906 infants, compared with non-low-birth-weight infants: (i) infants weighing 2.00-2.49, 1.50-1.99 and < 1.50 kg were about two (aHR: 2.13; 95% confidence interval, CI: 
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If an end date but no start date was recorded for an illness, the start date was assumed to have been five days, i.e. the median duration of illness recorded, before the end date. If both start and end dates were unrecorded, the start date was assumed to be the midpoint between the date the illness was reported and the date of the previous follow-up visit. Similarly, if a study infant died within a year of birth but its date of death was not recorded, it was assumed to have died at the midpoint between the first report of its death and the last report of it being alive. Facility admissions occurring within 28 days of a previous admission were reviewed to assess whether they represented responses to a single ongoing illness.
The primary exposure, birth weight, was divided into non-low-birth-weight, i.e. at least 2.50 kg, and three categories of low-birth-weight: 2.00-2.49, 1.50-1.99 and less than 1.50 kg. 7, 8, 12 For most of the 28 498 pregnancies identified during the study, data on last menstrual period were missing (n = 16 398) or inconsistently reported (n = 1935). Given this and the known discordance between mothers' reports of the dates of their last menstrual periods and the corresponding gestational ages assessed by ultrasonography, [13] [14] [15] we did not investigate the association between gestational age and our outcomes of interest.
For all analyses, follow-up started at birth and ended at: (i) 364 days of age; (ii) the date of death, for infants who died when aged less than 365 days; or (iii) the last date the infant was seen alive if they exited the study when aged less than 365 days.
Data analysis
All analyses were conducted using Stata version 13.1 (StataCorp. LP, College Station, United States of America).
We generated Kaplan-Meier curves of the probability of survival for lowbirth-weight infants compared with nonlow-birth-weight infants. We calculated mortality rates for the first year of life. As mortality rate changes rapidly, particularly in the neonatal period, we used multivariable Cox regression to calculate adjusted hazard ratios (aHR) for the association between birth weight and mortality.
To allow for repeated illness events, we used random-effects Poisson regression to calculate adjusted rate ratios (aRR) for the association between birth weight and infant illness.
Among infants with reported illness, for each illness episode, we used random-effects logistic regression to calculate adjusted odds ratios (aOR) of the association between birth weight and an absence of care seeking or healthfacility admission. For each analysis, we assessed whether the effect of birth weight varied between the neonatal, early and late infant periods -represented by ages of 0-27, 28-182 and 183-364 days, respectively -by fitting birth weight as an interaction term with time period. Similarly, for mortality, we assessed whether the effect of birth weight varied by distance to the nearest health facility and/or socioeconomic status.
For all analyses, we used likelihood ratio tests and 95% confidence intervals (CI) to assess the statistical evidence for an association between birth weight and each outcome. We also adjusted a priori for infant sex and single/multiple birth, maternal age, education, illness and occupation and household exposure to indoor smoke, distance to nearest health facility, ethnicity, number of children in family, religion and socioeconomic status.
Ethics
Ethics approval for the collection of data included in this study was granted by the Ethics Committees of the World Health Organization, the London School of Hygiene & Tropical Medicine and the Kintampo Health Research Centre.
Results
Of the 22 955 infants enrolled in the trial, we included the 22 906 (99.8%) with complete covariate data in our analyses. Of these, almost 16% (3584) were lowbirth-weight (Table 1) .
Mortality
Of the included infants, 698 (3.0%) died younger than 365 days. Of these 698 deaths, 277 (39.7%) occurred in the neonatal period, 248 (35.5%) in early infancy and 173 (24.8%) in late infancy. The numbers of deaths per 1000 live births were 30.5 overall and 22.4, 48.6, 160.0 and 402.0 among infants born weighing at least 2.50, 2.00-2.49, 1.50-1.99 and less than 1.50 kg, respectively Mortality declined with age but was consistently higher for low-birthweight infants than for non-low-birthweight infants (Fig. 1) . The likelihood of death increased with lower birth weight (P < 0.0001). After adjusting for all potential confounders, infants born weighing 2.00-2.49, 1.50-1.99 and less than 1.50 kg were about two (aHR: 2.13), eight (aHR: 8.21), and 25 (aHR: 25.38) times more likely to die in their first year of life than non-low-birth-weight infants ( Table 2) .
We observed strong evidence that the effect of birth weight varied with time period (P < 0.0001; Table 3 ). Although higher mortality with lower birth weight was seen in each time period, the magnitude of the association declined over time (Table 3 
Infant illness
Mothers reported 56 610 episodes of illness in 19 292 infants. Following an initial peak in the neonatal period, agespecific illness rates increased over time (Fig. 2) . Upon adjustment for other factors, birth weight was not associated with infant illness overall (Table 3) although the association varied significantly with time period (P = 0.0013). Compared with non-low-birth-weight infants, infants born weighing 1.50-1.99 kg (aRR: 1.57) and less than 1.50 kg (aRR: 1.58) had higher illness rates in the neonatal period -although there was little evidence of an association later in infancy (Table 3) .
Care seeking
We observed evidence of an absence of care seeking for infants born weighing 1.50-1.99 kg (aOR, 1.46) -compared with ill non-low-birth-weight infants (Table 2) . Although, in the univariable analysis, there was also evidence of an absence of care seeking for infants born weighing less than 1.50 kg (crude odds ratio, cOR: 1.76), this association was no longer apparent after adjustment for infant age and other covariates (aOR: 1.05; Table 2 ). Care seeking varied between the neonatal period and early and late infancy (P = 0.0002). However, in each of these time periods, an absence of care seeking was only observed for infants born weighing 1.50-1.99 kg.
Admissions
Overall, 4187 admissions were reported for 3485 infants. We found no association between birth weight and admissions over the first year of life (Table 2 ) or in the neonatal, early or late infant periods (P = 0.1383).
Additional analyses
To understand further how illness, care seeking and admissions related to mortality, we undertook additional post-hoc exploratory analyses of verbal postmortem data for the infants who died. We compared disease progression, care seeking and admissions during the fatal illness for the low-birth-weight and non-low-birth-weight infants, using proportions and χ 2 tests (Table 4) . Data on cause of death were unavailable.
Verbal postmortem data were available for 684 (98.0%) of the 698 infants who died. Families of the low-birthweight infants who died were less likely to have sought care than those of nonlow-birth-weight infants who died (P = 0.001; Table 4 ). Among the families who did seek care, only 173 (85.6%) of the 202 families of low-birth-weight infants -compared with 343 (93.5%) of the 367 families of non-low-birth-weight infants (P = 0.002) -sought professional medical care -i.e. from a clinic, doctor, hospital, nurse or pharmacy. There was little evidence of differences -between the low-birth-weight and other infants who died -in the duration of illness, in the time to seek care, in the proportions of families who sought care from nonmedically trained sources and in the proportions of infants who were admitted to a health facility or who died in a health facility (Table 4) .
Discussion
Low birth weight affects adversely on health outcomes throughout infancy. Compared with other infants, low-birthweight infants -especially those born weighing less than 1.50 kg -have substantively higher mortality rates. In our study population, this association did not vary by socioeconomic status or by distance to the nearest health facility. Furthermore, low-birth-weight infants had higher illness rates in the neonatal period but care was less likely to be sought for them when they were ill in the neonatal period or early infancy -even if they were having illnesses that led to their deaths. Research Low birth weight as a risk factor in Ghana Maureen O'Leary et al.
Although several studies have investigated the association between mortality and low birth weight in sub-Saharan Africa, 5, [16] [17] [18] [19] [20] [21] few have generated populationbased mortality estimates for infants born weighing either 1.50-1.99 kg or less than 1.50 kg. In a single study from Malawi from more than 20 years ago, neonatal and infant mortality rates were 13 and five times higher, respectively, among those with birth weights below 2.00 kg than in those with higher birth weights. 21 These ratios are similar to our estimates for infants born weighing 1.50-1.99 kg. A birth weight of less than 1.50 kg may be considered a sensitive and specific marker for preterm birth. 22, 23 We compared our results for infants with such very low birth weights with those of two studies 6, 24 that investigated mortality among infants that were preterm and small for gestational age. In low-or 6 In the United Republic of Tanzania, compared with other infants, infants who were both preterm and small for gestational age were found to be 15 and three times more likely to die in the neonatal and post-neonatal periods, respectively. 24 The effect estimates produced in both of these earlier studies are substantially lower than our related estimates -of 48-, 13-and eightfold higher risks of mortality, for infants born weighing less than 1.50 kg than for non-low-birth-weight infants, in the neonatal period, early infancy and late infancy, respectively
The association observed between birth weight and mortality in our study was not reflected in corresponding associations with illness -except in the neonatal period -or facility admissions. Our data indicate relatively low frequencies of care seeking for ill low-birth-weight infants, even for those suffering fatal illnesses. Lack of care seeking for such infants decreases their opportunity for hospital admission.
A few studies have investigated the association between birth weight and illness in Africa, with varying results. Several studies have reported no association between birth weight and infant clinic attendance, admissions or illness. 3, [25] [26] [27] [28] In contrast, an analysis of hospital admissions -based on both written records and maternal recall -in a periurban area in the United Republic of Tanzania 29 found that infants with birth weights of 2.00 kg or less were more likely to be hospitalized in the first year of life than infants with higher birth weights (aHR; 2.74; 95% CI: 1.66-4.54). As this analysis was restricted to admissions to district hospitals, the severity of the illnesses among those admitted was likely to be greater than in our analysis, which included admissions to any type of health facility. In urban South Africa, infants born at less than 32 weeks' gestation were more likely to be hospitalized for respiratory syncytial virus, bronchiolitis and pneumonia in childhood than other infants. 30 In another South African study, pneumonia was associated with preterm delivery -but not with low birth weight. 3 We found that the families of sick low-birth-weight infants were less likely to have sought care for their infants, even when those infants were suffering from illnesses that led to their deaths. We are aware of only one study that has investigated this topic: an analysis of 840 infants, in rural Malawi, in which preterm and term infants were found to have accessed health care a similar number of times when investigated at 12, 18 and 24 months of age (P = 0.86). 25 Several factors may explain why, in a population where birth weight was strongly associated with death, there was little association between birth weight and either care seeking or admissions for illness. First, our data on illness and any associated care seeking and admissions were based on maternal recall. As caregiver recognition of childhood illnesses in low-and middle-income settings is often poor, 31 illness may have been underreported in our study. The possibility that illness in low-birthweight infants was less, or more likely to be reported by mothers than illness in non-low-birth-weight infants cannot be excluded. Qualitative data from Uganda indicated poor recognition of low birth weight as a danger sign and a consequent lack of care seeking for neonatal illness. 32 A failure to recognize and appreciate the severity of illness among low-birthweight infants who subsequently die has also been reported. 33 Compared with general illness, health-facility admission is probably a more notable event that is less likely to be underreported and is a useful marker for severe disease. Although severity is recognized as an important determinant of care seeking, 31 in our study area it has been observed that care is not sought for up to 50% of severe illnesses. 34 The apparent reluctance of caregivers in this area to seek care for sick low-birth-weight infants may explain the discordance between our reported admission and mortality rates. Caregivers may think that care seeking for weak low-birth-weight infants is pointless because they believe that health care will not increase the infant's chance of surviving. 9 In our study area certain illnesses are considered to be untreatable by modern medicine. 34 The possibility that, in our study areas, such illnesses occur more frequently among low-birth-weight infants than other infants cannot be excluded.
Another possibility is that, during fatal illnesses, sudden illness onset and rapid disease progression are relatively common among low-birth-weight infants -leaving insufficient time to seek care before death. Although our analyses of fatal illnesses indicated that birth weight had no impact on illness duration or the time taken to seek care, the power of these analyses was limited by the small sample size. This study has several strengths. Given the population-based nature of the cohort and the low numbers of individuals excluded from the analyses, our results are likely to be largely representative of the study area's population. The large sample size provided sufficient power for us to generate estimates of mortality for several categories of low birth weight, including birth weights of less than 1.50 kg. Our study further benefited from low rates of loss to follow-up and from the almost complete data on mortality, including date of death. Any misclassification of deaths by time period should have been negligible. This study has some limitations. As we lacked accurate data on gestational age at birth, we could not generate separate estimates by level of prematurity or for infants that were small for gestational age. We had fairly robust -albeit recall-based -data on whether care was sought for an infant during illness. However, data on several factors that could differ according to birth weight -e.g. time to illness onset, time to care seeking, disease severity and the type of care sought -other than admission to a health facility -were not collected. These factors merit further study. Despite the large sample size, the study was not sufficiently powered to detect moderate differences in illness or admissions by birth weight, especially in the smaller categories of birth weight stratified by time period. The recall of dates of illness was generally poor -e.g. the start dates of more than 40% of reported episodes of illness were recorded as unknown. Although the assumptions we made in estimating the missing dates may have led to some misclassification by time period, the monthly data collection meant that almost 75% of all imputed illness dates were reported within 30 days of a previous visit.
In conclusion, strategies to minimize neonatal and infant mortality should target the entire first year of life of low-birth-weight infants. Care for such infants needs to be improved. Our study highlights the need for further studies in Africa to investigate the association between birth weight and infant illness and mortality and any related caregiving and care seeking. Qualitative research on the care of low-birth-weight infants, including the barriers to -and facilitators of -care seeking, is needed. ■ 
Резюме
Когортное исследование младенцев, родившихся с низкой массой тела, и клинических результатов в течение первого года жизни, Гана Цель Изучить влияние веса при рождении на показатели младенческой смертности, заболеваемости и частоты обращения за медицинской помощью в сельских районах Ганы. Методы Используя данные рандомизированных контролируемых испытаний, мы провели сравнение младенцев с весом 2,00-2,49, 1,50-1,99 и < 1,50 кг и младенцев с нормальным весом при рождении. Мы установили скорректированные коэффициенты риска смертности (сРС), скорректированные коэффициенты риска заболеваемости (сРЗ) и скорректированное отношение шансов (сОШ) для случаев госпитализации и отсутствия обращения за медицинской помощью в течение четырех периодов времени (младенчество, неонатальный период, ранний младенческий возраст и поздний младенческий возраст), представленных по возрастным категориям: 0-364, 0-27, 28-182 и 183-364 дня соответственно. Результаты Среди 22 906 младенцев (при сравнении с младенцами, имевшими нормальный вес при рождении): (I) у младенцев, родившихся с весом 2,00-2,49, 1,50-1,99 и < 1,50 кг, вероятность младенческой смертности была выше приблизительно в два раза (сРС: 2,13; 95%-й доверительный интервал, ДИ: 1,76-2,59), в восемь раз (сРС: 8,21; 95%-й ДИ: 6,26-10,76) и в 25 раз (сРС: 25,38; 95%-й ДИ: 18,36-35,10); (II) у младенцев, родившихся с весом < 1,50 кг, вероятность смертности в неонатальный период и в период позднего младенческого возраста была выше примерно в 48 раз (сРС: 48,45; 95%-й ДИ: 32,81-71,55) и в восемь раз (сРС: 8,42; 95%-й ДИ: 3,09-22,92); (III) младенцы, родившиеся с весом 1,50-1,99 кг (сРЗ: 1,57; 95%-й ДИ: 1,27-1,95) или < 1,50 кг (сРЗ: 1,58; 95%-й ДИ: 1,13-2,21), имели более высокие показатели неонатальной заболеваемости; (IV) для младенцев, родившихся с весом 1,50-1,99 кг, частота обращения за медицинской помощью была ниже в неонатальный период (сОШ: 3,30; 95%-й ДИ: 1,98-5,48) и в период раннего младенческого возраста (сОШ: 1,74; 95%-й ДИ: 1,26-2,39). Вывод В Гане для младенцев с низким весом при рождении необходима разработка стратегий для сведения к минимуму смертности и повышения мотивации для обращения за медицинской помощью.
Resumen Un estudio de cohortes de la insuficiencia ponderal y los resultados sanitarios durante el primer año de vida, Ghana
Objetivo Investigar el efecto del peso al nacer en la mortalidad infantil, las enfermedades y la atención médica en la Ghana rural. Métodos Utilizando datos de ensayos controlados aleatorios, se comparó a los recién nacidos con un peso de 2,00-2,49, 1,50-1,99 y < 1,50 kg con recién nacidos sin insuficiencia ponderal. Se generaron cocientes de riesgos instantáneos ajustados (aHR) relativos a la mortalidad, razones de tasa ajustadas (aRR) relativas a enfermedades y cocientes de posibilidades ajustados (CPa) para las admisiones en centros sanitarios y la ausencia de atención médica durante cuatro periodos de tiempo: infancia, período neonatal, primera infancia e infancia tardía, representados por las edades de 0-364, 0-27, 28-182 y 183-364 días, respectivamente. Resultados Entre 22 906 recién nacidos, comparados con recién nacidos sin insuficiencia ponderal: (i) los recién nacidos con un peso de 2,00-2,49, 1,50-1,99 y < 1,50 kg tenían dos (aHR: 2,13; intervalo de confianza, IC, del 95%: 1,76-2,59), ocho (aHR: 8,21; IC del 95%: 6,26-10,76) y 25 (aHR: 25,38; IC del 95%: 18,36-35,10) veces más posibilidades de morir durante la infancia, respectivamente; (ii) aquellos que nacieron con un peso de < 1,50 kg tenían 48 (aHR: 48,45; IC del 95%: 32,81-71,55) y ocho (aHR: 8,42; IC del 95%: 3,09-22,92) veces más posibilidades de morir durante el período neonatal y la infancia tardía, respectivamente; (iii) los que nacieron con un peso de 1,50-1,99 kg (aRR: 1,57; IC del 95%: 1,27-1,95) o < 1,50 kg (aRR: 1,58; IC del 95%: 1,13-2,21) tenían las tasas de enfermedad neonatal más elevadas; y (iv) aquellos que nacieron con un peso de 1,50-1,99 kg, era menos probable que necesitaran atención médica en el período neonatal (CPa: 3,30; IC del 95%: 1,98-5,48) y en la primera infancia (CPa: 1,74; IC del 95%: 1,26-2,39). Conclusión Se necesitan estrategias para minimizar la mortalidad y mejorar la atención médica de los recién nacidos con insuficiencia ponderal en Ghana. Conclusión Se necesitan estrategias para minimizar la mortalidad y mejorar la atención médica de los recién nacidos con insuficiencia ponderal en Ghana.
